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Abstract 
Construction of tall and flexible structures has become easier now-a-days because of advances in analytical techniques and availability of 
more efficient materials. However, these structures are more sensitive towards dynamic loadings. Dynamic response of such structures 
under various excitations can be quantified by displacement and acceleration response time history. Excessive dynamic response of 
structure leads to substantial damage to the structural components and hence it need to be controlled. Passively, this is achieved by adding 
either mass or stiffness or both of them. This paper covers experimental study on controlling dynamic response of a building model using 
two types of bracings, namely, Concentric- and Eccentric bracing. A building model is fabricated using aluminum flats and plates and 
bracings are fabricated using linear springs of moderate stiffness. A model represented as Single Degree of Freedom (SDOF) system is 
subjected to sinusoidal excitations of various frequencies through small scale shake table. Acceleration response of a uncontrolled 
building model (model without bracings) is obtained using accelerometers and Data Acquisition System (DAQ) – LabVIEW 8.0. 
Displacement response is derived through numerical integration from acceleration response using LabVIEW. Acceleration and 
displacement response of controlled building model (model with bracings) are extracted and compared with uncontrolled system. 
Dynamic properties like Natural Time Period and Damping Ratio for both types of bracing systems are obtained and comparisons are 
made among them. It is found that natural time period and damping ratio of controlled building model is increased as compared to 
uncontrolled system due to stiffness addition. Displacement and Acceleration response are reduced appropriately for controlled system as 
compared to uncontrolled system.  
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University, Ahmedabad. 
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Nomenclature 
g            Gravitational Acceleration (m/s2) 
Greek symbols 
ȟ Damping Ratio(%) 
Ȧn                Natural Frequency (rad/sec) 
Ȧf                 Forcing Frequency (rad/sec) 
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1. Introduction 
Excessive structural response resulted due to forced vibration needs to be controlled to prevent system from excessive 
stresses. Various means of structural response control have been tried by researchers in recent past. Presently, passive way 
of increasing stiffness and damping to system is widely accepted for implementation in real field. This includes bracings, 
base isolation and damper devices to control structural response. This paper aims towards assessing effectiveness of various 
types of bracings in structural response control. For the experimental study, single storey building prototype was fabricated 
from aluminium material. The model constitutes of four columns of aluminium flats and floor systems made from 
aluminium plate. To connect the system to shake table properly which simulates physical condition of building fixity at 
bottom, aluminium plate of similar dimensions that of floor system is used. Most commonly found bracing system for 
structural response control are concentric and eccentric bracings [1] as shown in Fig 1.  
 
(a)       (b)  
 
Fig. 1 (a) Uncontrolled building model and (b) Controlled building systems with various types of bracing configurations. 
1.1. Bracing system configuration 
Fig 2 shows the configuration of bracing system, which was used to impart additional stiffness & damping to the building 
model depicting Single Degree of Freedom (SDOF) system. The bracings consist of two aluminum flats separated with a 
linear spring of moderate stiffness in between. The experimental stiffness of the spring was found to be 280 N/m in 
laboratory using load- deflection curve. The spring was used as a bracing element to simulate pure compressive and tensile 
forces in the inclined members without buckling. Thus, it was necessary to make the spring contract and elongate without 
getting bend in out of plane. For this a PVC pipe segment was used to restrain the spring movement and to impart lateral 
confinement. 
 
 
Fig. 2 Configuration of bracings used in prototype building model. 
1.2. Experimental procedure 
Dynamic structural responses of uncontrolled and controlled building models were studied by imparting free vibrations as 
well as harmonic forced vibrations through uniaxial shake table. The responses were captured using accelerometers and 
Data Acquisition System (DAQ) - LabVIEW. Data obtained was analyzed in both the time domains and frequency domain 
to extract the dynamic properties like Natural Frequency, Damping etc. Time history responses of both uncontrolled and 
controlled building models were extracted in the form of response quantities like acceleration and displacement. Response 
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quantities obtained for all types of controlled building models were compared with uncontrolled system in order to establish 
formers efficiency over later. Fig 3 shows various components like Accelerometers, Data Acquisition System, Computer 
and Cables of experimental set up prepared to test uncontrolled building model i.e. model without bracings.  
 
Fig. 3 Experimental set up. 
 
2. Experimental results 
Firstly, all the experiments were carried out on uncontrolled building model (Fig 1(a)). Later on, uncontrolled model was 
replaced by the controlled models (Fig 1(b)) to obtain the dynamic- properties & responses.    
 
2.1 Evaluation of Natural Frequency 
 
Natural frequency of the building models was determined through qualitative approach using shake table. In this approach, 
building models were excited at various frequencies via shake table to qualitatively observe most amplified displacement 
response of the mass. Fig 4 shows the comparison of time period for controlled and uncontrolled models. It is found that 
controlled models have higher value of time period as compared to uncontrolled model due to dissipation of energy via 
spring elements of the model. It is evident that among all types of bracing system concentric V-type bracing system shows 
highest time period. 
 
Fig. 4 Comparison of time period of various types of building models. 
 
2.2 Evaluation of Damping Ratio using free vibrations 
 
Damping ratio for controlled and uncontrolled building models was determined using Free Vibration Test (Logarithmic 
Decrement Method). Free vibration displacement response is derived imparting initial displacement but no initial velocity at 
floor level as shown in Fig. 5(a). Free vibration response is captured using accelerometer attached at floor level in the 
direction of motion of building model and converted to digital form through DAQ system. Fig. 5(b) shows the Block 
Diagram and Front Panel of LabVIEW 8.0 [2]. Block diagram shows digital record of data and subsequently storage of data 
while front panel shows digital graph. Digital graph of front panel shows exponential decay of waveform obtained by 
imparting free vibration to SDOF building model system [3]. 
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To determine damping ratio, part of free vibration response shown in Fig. 5(b) is extracted. In order to get a reliable 
damping ratio, logarithmic ratio of subsequent peak acceleration values of each cycle as well as peak acceleration values at 
cycles distance are considered. 
(a)  (b)    
 
Fig. 5 (a) SDOF Building Model and (b) Block Diagram and Front Panel showing Acceleration response in LabVIEW. 
 
Table 1 shows damping ratio (ȟ %) derived from free vibration test for uncontrolled building model [4]. 
 
Table 1. Calculation of Damping Ratio from Free Vibration Test for uncontrolled building system 
 
Sr. 
No. 
Amplitude 
(g) 
Damping Ratio ȟ (%) 
Number of consecutive cycles 
  1 2 3 4 5 6 7 8 9 
0 0.829 0.936 0.880 0.831 0.796 0.785 0.778 0.773 0.770 0.765 
1 0.782 0.825 0.779 0.749 0.748 0.747 0.745 0.746 0.744  
2 0.742 0.732 0.711 0.722 0.727 0.730 0.733 0.732   
3 0.709 0.689 0.717 0.726 0.729 0.733 0.732    
4 0.679 0.745 0.744 0.742 0.743 0.740     
5 0.648 0.743 0.741 0.743 0.739      
6 0.618 0.739 0.743 0.738       
7 0.590 0.748 0.738        
8 0.563 0.728         
9 0.538     Average ȟ (%) = 0.754 
 
Similar values were also obtained for each type of controlled building system and damping ratios were obtained for each 
case. Fig 6 shows the comparison of damping ratio of each types of controlled system with uncontrolled system.  
 
 
Fig. 6 Comparison of damping ratios for various types of building models. 
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From Fig 6, it can be concluded that damping has increased to the great extent for the controlled systems as compared to 
uncontrolled system which possesses low damping ratio. Moreover, among all types of bracing configuration, Inverted V –
Concentric type of bracing system was found to have maximum damping ratio.  Fig 7 shows acceleration and displacement 
time histories for uncontrolled system and Inverted V –Concentric type controlled system since later reduces the response 
quantities substantially. It is clear from the Fig. 7 that, responses of mass (i.e. acceleratio and displacement) have greatly 
reduced for Inverted V –Concentric type controlled system. 
 
(a)  (b)  
 
Fig. 7 Acceleration and displacement time history plots for (a) Uncontrolled and (b) Inverted V-Concentric type controlled building models. 
 
2.3 Generation of frequency response curves using forced vibration 
 
In the forced vibrations, all the models were subjected to harmonic base excitation using shake table. The responses were 
captured and compared with the response of uncontrolled system and found that peak amplitudes were reduced. The 
frequency response curves indicate variations of ratio of output to input with respect to frequency were plotted for all types 
of bracing configurations. Fig 8 shows frequency response curves for uncontrolled system and controlled systems having 
concentric and eccentric types of bracings. 
 
(a)  
271 Dhara Panchal and Sharad Purohit /  Procedia Engineering  51 ( 2013 )  266 – 273 
(b)  
 
Fig. 8 Frequency response curves for (a) Uncontrolled system and controlled systems with concentric bracings (b) Uncontrolled system and controlled 
systems with eccentric bracings. 
 
It was observed that response reduces considerably for controlled systems with bracings as compared to the uncontrolled 
system. 
 
2.4 Comparison of Acceleration and Displacement Responses at Various Forcing Frequencies 
 
There is a change in basic dynamic properties like natural time period, damping etc when bracings are introduced in the 
building model. As seen from result reported above controlled system shows considerable increase in damping ratio and 
hence, for particular forcing frequency, there will be change in the responses for each type of bracing configuration. Fig 9 
shows the change in the peak responses of controlled system at various forcing frequencies [5]. 
 
(a)  
       
(b) 
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(c) 
          
(d) 
            
 
Fig. 9 Comparison of acceleration and displacement responses at various forcing frequencies for controlled building model with concentric types of 
bracings at (a)4 Hz = 0.1g   (b)  5.0 Hz = 0.18g  (c) 6.0 Hz = 0.26g and (d) 7.0 Hz = 0.36g .    
 
It is evident that Fig 9 supports results obtained in Fig 8 that building model with bracings reduces peak acceleration 
response as compared to uncontrolled system. Reading Fig 8(a) & Fig 9 together it is clear that bracings are effective for 
frequency ratios greater than 1. For some values of frequency ratio’s that are less than 1, building models with Inverted V 
and V-type bracings shows amplification in acceleration response.  
Similar results are obtained when compared uncontrolled building responses with building model of various eccentric types 
of bracings. Fig 10 shows the change in the peak responses of SDOF building system at various forcing frequencies with 
eccentric type of bracings systems. Reading Fig 8(b) and Fig 9 together, it is clear that controlled building model with 
inverted V and V type eccentric bracing perform well as compared to uncontrolled as well as controlled building model with 
concentric bracings. Fig. 9(b) shows substantial reduction in acceleration response for building model with inverted V and 
V type bracing as compared to uncontrolled building model. However, as know from dynamics that for high frequency 
excitations system do not respond heavily which is observed for the present case and thus, bracings are not very effective 
for high frequency excitations.  
 
(a) 
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(b) 
 
            
(c) 
 
           
 
Fig. 10  Comparison of acceleration and displacement responses at various forcing frequencies for eccentric types of building systems at (a) 4 Hz = 0.1g  
(b) 5.0 Hz = 0.18g  and (c) 6.0 Hz = 0.26g.  
3. Conclusions 
In this paper experimental study is carried out to control dynamic response of building model using bracings. Dynamic 
properties like Natural Frequency, Natural Time Period and Damping are obtained and compared for Uncontrolled as well 
as Controlled building models. Response quantities like displacement and acceleration are also extracted for both 
uncontrolled and controlled system. Increment in natural time period and damping ratio is observed for controlled systems 
as compared to uncontrolled system. Also, a considerable reduction in the response quantities were observed in the case of 
controlled building models. Inverted V-type concentric bracing was found to have maximum increase in the damping as 
compared to other types of the bracing system. It was found that effect of bracing is not pronounced at lower and very 
higher frequencies, however at moderate frequencies, response quantities obtained for controlled systems with bracings 
shows considerable reduction. It is found that as compared to building models with eccentric bracing perform better than 
building models with concentric bracings.   
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